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English Translation of JP 60-166450 A 

SPECIFICATION 

1. Title of the invention 

PRODUCTION METHOD OF REINFORCED LAMINATE 

2. Claims: 

(1) A method of producing a reinforced laminate comprising 
a reinforced sheet stuck to a substrate, wherein the 
reinforced sheet is composed of a multilayer body having at 
least two layers of a thermoplastic resin A and a 
thermoplastic resin B having a melting point (or a softening 
point) lower than that of the resin A and at least the 
surface of the reinforced sheet is subjected to corona 
discharge treatment at a temperature kept in a range from 
50°C to the melting point (or the softening point) of the 
thermoplastic resin B so as to adjust the surface tensile 
force of the thermoplastic resin B face of the reinforced 
sheet to be 42 dyn/cm or higher before the reinforced sheet 
is stuck to the substrate and then the thermoplastic resin B 
face and the substrate are stuck and the resulting body is 
pressure -bonded at a temperature in a range from the melting 
point (or the softening temperature) of the thermoplastic 
resin B to the melting point (or the softening temperature) 
of the thermoplastic resin A. 

(2) The method of producing a reinforced laminate as 
claimed in claim 1, where the corona discharge treatment is 
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carried out so as to adjust the surface tensile force of the 
thermoplastic resin B face of the reinforced sheet to be 42 
dyn/cm or higher and at the same time, the corona discharge 
treatment is carried out so as to adjust the surface tensile 
force of the substrate surface to be 4 0 dyn/cm or higher. 

(3) The method of producing a reinforced laminate as 
claimed in claim 1 or 2 , where the substrate is made of any 
one of materials selected from a group consisting of a 
paper material, a metal foil, a synthetic resin sheet, a 
nonwoven fabric, and a felt material. 

(4) The method of producing a reinforced laminate as 
claimed in any one of claims 1 to 3 , where the thermoplastic 
resin A composing the reinforced sheet in any form of a 
fabric, a nonwoven fabric, or a net like body made of a 
stretched thermoplastic resin. 

3. Detailed description of the invention 

The invention relates to a method of producing a 
reinforced laminate by sticking a reinforced sheet with a 
layered body of thermoplastic resins to a variety of 
substrates . 

More particularly, the invention relates to a method 
of economically and industrially producing a reinforced 
laminate with a high adhesion strength and excellent 
properties by simple process without using an adhesive or 
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the like. 

Recently, a variety of composite materials comprising 
thermoplastic resin sheets and films stuck to substrates of 
such as metal foils, paper, cloths and the like have been 
developed and more value-added materials in which the 
characteristics of the respective component materials are 
advantageously utilized have been used widely. Further, the 
functions required for these composite materials are various 
depending on the purpose of use. 

Conventionally, many of production methods of these 
composite materials employ a dry lamination method using a 
variety of adhesives or an extrusion lamination method using 
an anchor coating agent or a melted resin in the step of 
sticking the thermoplastic resins and the substrates. 
However, these methods are accompanied with problems of cost 
up owing to use of adhesives, complication and enlargement 
of apparatus, and pollution of working environments 
depending on the types of the adhesives to be used. 

As a countermeasure to solve such problems, inventors 
of the invention have previously proposed a method (Japanese 
Patent Application Laid-Open No. 54-106583) of producing a 
laminate by sticking a thermoplastic resin A sheet (or film) 
to a substrate of paper, cloth, a metal sheet or a metal 
foil, wherein a layer of thermoplastic resin B having a 
melting point (or a softening point) lower than that of the 
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thermoplastic resin A is formed on the face of the sheet 
where the substrate is to be stuck and the surface of the 
thermoplastic resin B is subjected to corona discharge 
treatment so as to adjust the surface tensile force ( r c) to 
be 42 dyn/cm or higher and then the resulting sheet and a 
substrate are laminated while a layer of the thermoplastic 
resin B is inserted between them and then resulting body is 
pressure -bonded at a temperature lower than that of the 
melting point (or the softening temperature) of the 
thermoplastic resin A and equal to or higher than the 
melting point (or the softening temperature) of the 
thermoplastic resin B and have achieved great effects. 

However, even by the above-mentioned method, the 
production conditions such as types of the substrates, the 
conditioning of the substrates, the temperature conditions 
at the time of pressure-bonding, the treatment speed, the 
pushing force at the time of the pressure-bonding are 
considerably limited and it has still been very difficult to 
evenly produce laminates having high adhesion force at high 
speed in industrial scale. In order to elevate the surface 
tension of the substrates, it is required to increase the 
ability of corona discharge treatment apparatus and the 
number of apparatus and it results in not only complication 
of the apparatus but also increase of the production cost. 
In consideration of the above-mentioned issues, 
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inventors of the invention have intensively carried out 
investigations so as to obtain laminates with high adhesion 
force at a low cost and a high speed in industrial scale by 
a simple apparatus and accordingly have accomplished the 
invention. 

That is, the invention provides a method of producing 
a reinforced laminate comprising a reinforced sheet stuck to 
a substrate, characterized in that the reinforced sheet is 
composed of a multilayer body having at least two layers of 
a thermoplastic resin A and a thermoplastic resin B having a 
melting point (or a softening point) lower than that of the 
resin A and at least the surface of the reinforced sheet is 
subjected to corona discharge treatment at a temperature 
kept in a range from 50°C to the melting point (or the 
softening point) of the thermoplastic resin B so as to 
adjust the surface tensile force of the thermoplastic resin 
B face of the reinforced sheet to be 42 dyn/cm or higher 
before the reinforced sheet is stuck to the substrate and 
then the thermoplastic resin B face and the substrate are 
stuck and the resulting body is pressure -bonded at a 
temperature in a range from the melting point (or the 
softening temperature) of the thermoplastic resin B to the 
melting point (or the softening temperature) of the 
thermoplastic resin A. 

As the thermoplastic resin A composing the reinforced 
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sheet of the invention, resins having crystallinity .and 
whose molecules can be oriented by stretching are preferable. 
For example, a high density polyethylene (including an 
ethyl- a -olefin copolymer containing ethylene as a main 
component with a density as high as the high density 
polyethylene), an isotactic polypropylene (including a 
crystalline copolymer containing propylene as a main 
component) , nylon, a homopolymer such as polyethylene 
terephthalate, a copolymer, or their mixtures or mixtures 
mainly containing them as main components and other resins 
can be exemplified. 

On the other hand, the thermoplastic resin B has to 
have a melting point (or a softening point) lower than that 
of the thermoplastic resin A and has to be easily pressure- 
bonded to the substrate at a temperature equal to or higher 
than the melting point (or the softening point) . The resins 
having such properties can be selected variously in 
combination with the thermoplastic resin A and preferable 
examples for use are modified, unmodified homopolymers , 
copolymers of such as a low density polyethylene, an 
amorphous ethylene -propylene copolymer, an ethylene -vinyl 
acetate copolymer, poly(vinyl chloride) (soft type), 
poly (vinylidiene chloride), poly(methyl methacrylate) , 
polystyrene, or polyolefins modified with maleic acid or 
acrylic acid, or their mixtures, or mixtures containing them 
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as main components and other resins. 

Examples of common combinations of the thermoplastic 
resin A and the thermoplastic resin B are mixtures of a high 
density polyethylene and a low density polyethylene; a high 
density polyethylene and an ethylene -vinyl acetate 
copolymer; isotactic polypropylene and an amorphous 
ethylene -propylene copolymer; isotactic polypropylene and a 
mixture containing mainly a low density polyethylene and 
polypropylene . 

The reinforced sheet comprising the multilayer 
laminate of the thermoplastic resins in the present 
invention is not limited to a two- layer sheet comprising two 
types of resins having the respective melting points (or 
softening points) in combination but includes a multilayer 
film composed of three or more layers of the same types or 
different types of resins which can be pressure -bonded in a 
temperature range without losing the characteristics (e.g. 
the stretching property) of the respective materials. 

The reinforced sheet of the invention may include a 
film or sheet of two layers (or multilayers) obtained by co- 
extrusion of the above-mentioned thermoplastic resin A and 
thermoplastic resin B, or a stretched film of sheet of the 
foregoing film or sheet of two layers (or multilayers) , or 
further a cloth, a nonwoven fabric, or a net- like body 
formed by making the stretched film into tapes or yarns, 



English Translation of JP 60-166450 A 

weaving, knitting, or intertwisting them is preferably used. 

Further, as the substrate, paper sheets such as 
foreign paper such as Kraft paper, Japanese paper (Washi) , 
styrene paper, and other synthetic paper materials,- metal 
foils such as an aluminum foil; synthetic resin sheets such 
as a foamed sheet of polystyrene, a polyethylene 
terephthalate sheet, and other oriented sheets; nonwoven 
fabrics of synthetic resin fibers; and felt and particularly, 
since the fibrous type substrates have high adhesion 
strength to the reinforced sheet, the above-mentioned paper 
sheets are very preferable to be used. 

In the invention, before the above-mentioned substrate 
and the reinforced sheet are bonded to each other, it is 
required to carry out treating at least the thermoplastic 
resin B face of the reinforced sheet by corona discharge 
treatment at a temperature kept in a range from 50°C to the 
melting point (or the softening point) of the thermoplastic 
resin B so as to adjust the surface tensile force of the 
thermoplastic resin B to be 42 dyn/cm or higher. 

As described above, inventors of the invention have 
intensively carried out various investigations so as to find 
a production method providing even laminates with high 
adhesion force stably at a low cost and a high speed in 
industrial scale by a simple apparatus. Accordingly, 
inventors have found that the surface tensile force of the 
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surface treated by the corona discharge treatment greatly 
affects the adhesion property and therefore have tried in 
many ways to improve the method. 

That is, it is made possible to provide the reinforced 
sheet having a high adhesion force by treating the face of 
the thermoplastic resin B, which is a face to be bonded to 
the substrate of the reinforced sheet, by corona discharge 
treatment at a temperature of the surface of the reinforced 
sheet kept in a range from 50°C or higher to the melting 
point (or the softening point) or lower of the thermoplastic 
resin B, preferably in a range from 60 to 100°C, so as to 
adjust the surface tensile force to be 42 dyn/cm or higher 
and accordingly, an even reinforced laminate can be stably 
produced even at a high speed. 

The above-mentioned method may be applied similarly to 
the substrate and the effect can be further improved by 
preheating and carrying out corona discharge treatment for 
the substrate to improve the surface tensile force of the 
substrate to 4 0 dyn/cm or higher. 

If the preheating of the above-mentioned reinforced 
sheet is lower than 50°C, the surface tensile force is 
decreased in the case of a high speed (the speed reasonable 
for commercial production) , resulting in possibility of 
deterioration of the adhesion force and adhesion unevenness 
and defective product production. 
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Further, if the temperature is higher than the melting 
point (or the softening point) of the thermoplastic resin B, 
an adverse effect is caused on the operation of the 
apparatus, being preferable. 

The method of the invention is for producing a 
reinforce laminate with a firm adhesion by mutually bonding 
the treated faces of the substrate and the reinforced sheet 
pretreated as described above and pressure bonding the 
bonded body at a temperature in a range from the melting 
point (or the softening point) of the thermoplastic resin B 
to the melting point (or the softening point) of the 
thermoplastic resin A. 

The laminate to be produced by thermal pressure- 
bonding of the reinforced sheet and the substrate may 
include a three -layer laminate comprising layers of the 
substrate on both faces of the reinforced sheet used as the 
center layer; a three- layer laminate comprising layers of 
the reinforced sheet on both faces of the substrate used as 
the center layer; and also multilayer laminate by 
reciprocally laminating the two layer and/or three layer 
laminates other than the two- layer laminate comprising 
simply the reinforced sheet and the substrate. 

Hereinafter, a production method of a heavy wrapping 
material or a reinforced paper sheet, as a laminate, for 
which the production method of the invention is especially 
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effective will be described. 

Fig. 1 shows a schematic explanatory drawing of the 
process of the method of the invention and the reference 
numeral 1 shows the reinforced sheet positioned so as to set 
the layer of the thermoplastic resin B on the opposite to 
the substrate; the reference numeral 2 is the substrate; the 
reference numeral 3 shows a corona discharge apparatus; the 
reference numeral 4 shows preheating rolls; and 5a to 5 i 
show guide rolls, 6a, 6b, 7a, and 7b show pressure-bonding 
rolls, 8 shows a reinforced laminate as a product, and 9 
shows a preheating apparatus. The reinforced sheet 1 is 
preheated to a prescribed temperature by the preheated rolls 
4 heated by steam and then treated by the corona discharge 
treatment apparatus 3 . 

The reinforced sheet comprises layers of the 
thermoplastic resin A and the thermoplastic resin B and 
treated by the discharge treatment so as to adjust the 
surface tensile force of the face of the thermoplastic resin 
B in the side to be bonded with the substrate to be 42 
dyn/cm or higher. 

On the other hand, after preheated by a preheating 
apparatus (not illustrated) , the substrate 2 is also treated 
by the corona discharge treatment apparatus 3 so as to 
adjust the surface tensile force of the face to be bonded 
with the reinforced sheet to be 40 dyn/cm or higher and 
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laminated on the above-mentioned reinforced sheet 1. Next, 
after, if necessary, the laminated body is preheated by the 
preheating apparatus 9, the substrate 2 and the reinforced 
sheet 1 are further heated and pressure -bonded at a 
prescribed temperature by the pressure-bonding rolls 6a, 6b, 
7a, and 7b to produce a reinforced laminate 8 as a product. 

At the time of the above-mentioned heating and 
pressure-bonding, in some cases, a pressure sensitive 
adhesion phenomenon occurs between the reinforced sheet 1 
and the pressure-bonding roll 7b to result in partial 
separation of the sheet and the substrate. To solve such a 
trouble, it is preferable that temperature of the roll 7b to 
be brought into contact with the reinforced sheet 1 is 
decreased as low as possible to carry out pressure-bonding. 
If necessary, the roll 7b may be cooled to prevent the 
adhesion phenomenon. 

Further, it is also desirable to use a roll, as the 
roll, made of a material such as a rubber or a synthetic 
resin having elasticity in the surface so as to push the 
reinforced sheet and the substrate with a contact surface 
area as wide as possible. In the case, the surface 
materials of the reinforced sheet to be bonded and the roll 
7b have similar physical properties, there is a risk of 
occurrence of the above-mentioned pressure sensitive 
adhesion phenomenon between the reinforced sheet and the 
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roll 7b, and therefore it is preferable to use a rubber or 
synthetic resin with a coagulation energy density (CED) of 
4 0 cal/cc or lower as the surface material of the roll 7b. 
Examples of such a substance are silicon rubber 
poly (tetraf luoroethylene) resin. 

The rolling pressure of the rolls at the time of 
pressure-bonding is not particularly limited as means for 
assisting the pressure-bonding of the substrate and the 
sheet. The positioning of the pressure -bonding rolls is not 
limited to that as shown in Fig. 1 and a pair or more of the 
rolls may be installed in the rear side of the rolls 6a and 
7a based on the necessity. 

In the case the thermal pressure-bonding can be 
carried out only by the pressure -bonding roll groups, 
preheating by the preheating apparatus 9 is not necessarily 
required. 

As described above, while the invention has been 
described with reference to the embodiments, the description 
is illustrative of the invention and is not to be construed 
as limiting the invention and the pressurizing method may be 
not limited to the method by rolls and other apparatus such 
as press plates may optionally be used. 

In a production method of a laminate by a conventional 
thermal pressure -bonding, a net-like body, a cloth body, or 
a nonwoven fabric formed using stretched tapes or yarns is 
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considerably thermally shrunk at the softening temperature 
at the time of pressure -bonding and therefore, excellent 
pressure -bonding to the substrate is difficult and the 
stretching effect is almost all lost and the strength is 
considerably decreased. Further, in the case of using an 
adhesive, there still remain many problems of cost up owing 
to use of adhesives, complication and enlargement of 
apparatus, and pollution of working environments. 

It has been conventionally known that a nonwoven 
fabric produced from stretched multilayer film is bonded to 
Kraft paper to make it a laminate, however sufficient 
adhesion strength can not be obtained for this kind of 
laminate, which may cause peeling therefrom. 

As described, in the production method of a heavy 
wrapping material or a reinforced paper sheet, the effects 
of the invention are remarkable. The invention has the 
following advantageous points as compared with an extrusion 
lamination method or a dry lamination method using an 
adhesive, which are conventional and commonly employed 
processing methods: 

(A) the costs of the apparatus and the materials can be 
lowered since no adhesive is needed; 

(B) the ventilation property of paper is not lost; 

(C) no penetration of an adhesive out of meshes occurs and 
therefore no blocking takes place at the time of rolling a 
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product ; 

(D) no sanitary problem is caused since no adhesive is used 
in the case of producing a food wrapping material; 

(E) no environmental pollution problem owing to solvent 
vapor in the step of adhesive application is caused; and 

(F) although no adhesive (aid) is used, since high 
temperature treatment is not needed unlike the extrusion 
lamination, the stretching effect is not deteriorated even 
if a stretched tape is used. 

The invention has many advantages as described and 
these advantages can greatly contribute in industrial 
performance . 

The reinforced laminate produced by the production 
method of the invention can be utilized in many fields, in 
the case a nonwoven fabric of a high density polythylene/a 
low density polyethylene (trade name: Nisseki Warifu, 
manufactured by Nippon Petrochemicals Co., Ltd.) is used as 
a reinforced sheet, as Kraft paper/ Warifu (a mesh type 
nonwoven fabric of polyethylene) (a heavy wrapping material 
for fertilizers) ; an aluminum foil/Warifu (a food wrapping 
material); o-PET (oriented polyester sheet ) /Warifu (an 
electric wire material) ; f elt/hydrated polymer/f elt/Warif u 
(a water-absorbing material for diapers) and also as a 
filter, a cement aging sheet, a civil engineering material. 
Hereinafter, the invention will be described further 
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with reference to Examples. 
Examples 1 to 5 

Reinforced laminates were produced by using the 
apparatus illustrated in Fig. 1. 

When, as the reinforced sheets, nonwoven fabrics 
[trade name: Nisseki Warifu HS, manufactured by Nippon 
Petrochemicals Co., Ltd.; three-layer structure product of a 
layer (LDPE) /a stretched body (HDPE) / a layer (LDPE) ; a 
thickness of 70 Mm, density (Metsuke) 35 g/m 2 ] and Kraft 
paper [density (Metsuke) 7 5 g/m 2 , manufactured by Oji Paper 
Co., Ltd.] were laminated, the reinforced sheets were 
subjected to the corona discharge treatment at variously 
changed preheating temperatures and then they were thermally 
pressure -bonded and the peeling strength levels of the 
obtained laminates were compared. The results are shown in 
Table 1. 

The lamination conditions and the testing method were 
as follows. 

Conditions of the corona discharge treatment 

applied voltage: 190 V, 

anode current: 0.5 A, 

line speed: 50 m/min, 

pressure -bonding temperature: 12 0°C, 

pressurizing force: 4 kg/cm 2 , 

Peeling strength: 



10 



15 
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Using Tenshiron, samples with 25 mm width were 
subjected to a peeling test at a pulling speed of 50 mm/min 
at 180° and the results were the average values of 10 
samples . 

Surface tensile force: 

The measured values in a wet state with a standardized 
formamide- ethyl cellosolve mixed solution according to ASTM- 
D 2578. 

From the test results shown in Table 1, it can be 
understood that if the preheating temperature was adjusted 
to be 50°C or higher for the reinforced sheets, the surface 
tensile force immediately before the thermal pressure- 
bonding was high and laminates scarcely peeled could be 
obtained. 

Table 1 



Items 
Example \ 


Preheating 
Temperature 
of 

Reinforced 
Sheet (°C) 


Surface Tensile 
Force Immediately 
before the Thermal 
Pre s sure - Bonding 
(dyn/cm) 


Peeling Strength 
at 180° 
(g/25 mm width) 


Example 1 


20 


41 


270 


Example 2 


35 


42 


300 


Example 3 


50 


44 


No Peeling 
(Kraft Paper Torn) 


Example 4 


70 


49 


No Peeling 
(Kraft Paper Torn) 


Example 5 


100 


50 


No Peeling 
(Kraft Paper Torn) 



4 . Brief descriptions of drawings 

Fig. 1 shows a schematic explanatory drawing of the 
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process of the method of the invention. 

1 ••• Reinforced Sheet 

2 Substrate 

5 3 Corona Discharge Treatment Apparatus 
4 Preheating Roll 
5a to 5i ■•■ Guide Rolls 

6a, 6b, 7a, and 7b ■•• Pressure -Bonding Rolls 
8 ••• Reinforced Laminate 
10 9 Preheating Apparatus 
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